By in vitro methods, five aminoglycoside antibiotics (amikacin, kanamycin, gentamicin, tobramycin, and netilmicin) were shown to produce modest changes in granulocyte adherence (increase) and migration (decrease) The five aminoglycoside antibiotics tested were amikacin, kanamycin, gentamicin, netilmicin, and tobramycin. Each antibiotic (powder) was dissolved in distilled sterile water, and stock solutions containing 1,280 ,Ig/ml were prepared and stored (1 ml per tube) at -90°F. On the day of the test, the stock solution was diluted with medium 199 to obtain the desired concentration for testing with leukocytes.
Washington, D.C., Abstr. no. 65, 1975p, but this finding was not confirmed, subsequently, by Forsgren and Schmeling (2) . In addition, studies of other aminoglycosides and their effects on other leukocyte functions have not been reported. Consequently, the effects of five aminoglycosides on in vitro leukocyte functions were studied.
The five aminoglycoside antibiotics tested were amikacin, kanamycin, gentamicin, netilmicin, and tobramycin. Each antibiotic (powder) was dissolved in distilled sterile water, and stock solutions containing 1, 280 ,Ig/ml were prepared and stored (1 ml per tube) at -90°F. On the day of the test, the stock solution was diluted with medium 199 to obtain the desired concentration for testing with leukocytes.
Heparinized blood samples were obtained from healthy laboratory personnel. The erythrocytes were allowed to sediment by gravity at room temperature for 30 to 60 min. The leukocyte-rich plasma was then removed and centrifuged at 500 x g for 8 min. The cell pellet obtained was suspended in medium 199 and adjusted to 5 x 106 granulocytes per ml. Serum was prepared from clotted unheparinized blood.
Leukocyte adherence was tested by using a modification of the method described by MacGregor and co-workers (3) . In this method, scrubbed nylon fibers were packed into a plastic tuberculin syringe with the length of the packed fiber column adjusted to exactly 15 mmn. To be able to detect both increases or decreases of adherence, the amount of fiber necessary to produce adherence in the region of 50% was used; this was found to be 20 mg of fiber. To test the effects of aminoglycosides on leukocyte adherence, 0.5-ml samples of granulocyte suspension were incubated at 37°C for 30 min in medium 199 containing the antibiotic. After incubation, the treated cells were then passed through the fiber column. The filtrate was collected, and the granulocytes in the filtrate were counted. The percentage of granulocytes adhering was then calculated. Experiments were done in duplicate.
The method used to quantitate granulocyte migration has been described in detail elsewhere (4) . In brief, modified clear acrylic chambers (Ahlco Corp., Southington, Conn.) and 5-ium micropore filters (Millipore Corp., Bedford, Mass.) were used. Only tissue culture medium 199 was used for all studies. Test cells (5 x 105 granulocytes) were placed in the upper compartment (capacity, 0.65 ml), and 10% bacterial chemotactic factor (6) was placed in the lower compartment (capacity, 1.5 ml). The prepared chambers were incubated in air at 37°C for 1 h, after which the filters were harvested, fixed, stained, cleared, and mounted on slides as described previously (4) . All determinations were performed in triplicate (except studies shown in Table 2 ). The leukotactic index was then determined as follows. (i) Cells were counted at every 10-,m interval beneath the proximal filter surface and progressing to the distal surface; (ii) the number of cells counted at each interval was multiplied by the distance of that interval from the proximal surface; (iii) the products obtained from each interval were added (the value obtained was the total distance migrated by all cells counted); and (iv) the sum was divided by the total number of cells counted. This gave the average distance in micrometers reached by each cell, or the leukotactic index. At least three fields in each filter were counted. The quantitative spectrophotometric method of Baehner and Nathan (1) was used for the nitroblue tetrazolium reduction test. Granulocytes (2 x 106) in 0.4 ml of medium 199 containing 64 ,ug of antibiotic per ml were incubated at 370C for 30 min. After incubation, the ability of the treated cells to phagocytize zymosan particles was assessed by using nitroblue tetrazolium as the indicator dye. Experiments were done in duplicate. This method would also detect problems in the oxygen-dependent cyanide-msisensitive bactericidal system if one were produced in the antibiotic-treated cells.
Granulocytes treated with aminoglycoside drugs showed a modest increase in adherence to nylon fibers (Table 1) . No difference was noted in the effects between the various drugs. This effect was observed at drug concentrations of as That Forsgren and Schmeling (2) did not detect inhibition of granulocyte migration by kanamycin and gentamicin is not surprising, since the under-agarose method of quantitating leukotaxis is less sensitive than the micropore filter technique (5) .
Since minute concentrations of the aminoglycosides were found to inhibit leukocyte migration in this in vitro study, it is likely that therapeutic serum levels achieved with amounts used clinically will produce similar effects in vivo. It is therefore reasonable to express caution in interpretation of abnormalities of leukotaxis and leukocyte adherence in patients receiving these drugs.
Finally, the results of these studies provide evidence that regulated granulocyte adherence is important for normal granulocyte locomotion; thus, disorders of adherence (either increased or decreased) may lead to disorders of locomotion.
